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Here, we report the synthesis and magnetic properties of a Yb-based triangular-lattice com-
pound LiYbS2. At low temperatures, it features an effective spin-
1
2 state due to the combined
effect of crystal electric field and spin orbit coupling. Magnetic susceptibility measurements
and 7Li nuclear magnetic resonance experiments reveal the absence of magnetic long range or-
dering down to 2 K, which suggests a possible quantum spin liquid ground state. A dominant
antiferromagnetic nearest neighbour exchange interaction J/kB ' 5.3 K could be extracted
form the magnetic susceptibility. The NMR linewidth analysis yields the coupling constant
between the Li nuclei and Yb3+ ions which was found to be purely dipolar in nature.
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1. Introduction
Quantum spin liquid (QSL), a highly entangled state with fractionalized excitations that
evade magnetic long-range order down to zero temperature, has been attracting the attention
of condensed matter research for several decades [1–4]. Yb-based dichalcogenide delafossites
AYbX2 (A = monovalent ion; X = divalent chalcogen ion) are recently reported as the
promising candidates for realizing QSL ground states [5–16]. Here, the eight fold degeneracy
of Yb3+ ions could be lifted to four Kramers doublets due to the combined effects of strong
spin-orbit coupling (SOC) and crystal electric field (CEF). At temperatures considerably
lower than the energy gap ∆ between the ground state and the first excited state doublet, the
magnetic properties can be described by an effective spin-12 local moment. The values of ∆ are
found to be∼ 200,∼400, and∼ 180 K for NaYbS2 [6,17], NaYbO2 [7,8], and NaYbSe2 [11,16],
respectively. Low field studies reveal a QSL ground state with gapless excitations for both
NaYbS2 and NaYbO2. In the case of NaYbO2, upon applying the external magnetic fields,
this QSL state becomes unstable and it shows magnetic long range ordering above µ0H '
2 T. This field-induced magnetic ordering of NaYbO2 is well confirmed by the magnetization,
heat capacity, and neutron diffraction measurements [7, 9].
Here, we investigate the ground state properties of LiYbS2, an another member of the
AYbX2 family, through magnetization and
7Li NMR measurements. LiYbS2 crystalizes in
the trigonal crystal structure with R3¯m space group (No:166). The crystal structure contains
slightly distorted YbS6 octahedra and LiS6 octahedra (Fig. 1). The edge-shared YbS6 octa-
hedra form the perfect triangular layers of magnetic Yb-ions in the ab-plane, which are well
separated by the non-magnetic LiS6 octahedra along the crystallographic c direction. The
local ground state doublet is well separated from the first excited doublet by an energy gap
∆ ∼ 200 K and hence the low-temperature properties can be well described by an effective
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Fig. 1. Crystal structure of LiYbS2 composed of LiS6 and YbS6 octahedra. Yb-ions form triangular
layers in the ab-plane which are separated by LiS6 layers.
2. Experimental
Polycrystalline sample of LiYbS2 was synthesized with LiCl (Alfa Aesar, 99.9%), Li2S
(Alfa Aesar, 99.9%), and YbCl3 (ABCR, 99.99%) as starting materials. All chemicals are
stored and handled in an argon-filled glove-box. Prior to usage, the silica tube with glassy
carbon inlayer is heated out under vacuum at 850 ◦C. The starting materials were sealed
in the silica tube, slowly heated to 700 ◦C and held at this temperature for 2 days. After
cooling down to room temperature, the ampoule was opened under ambient atmosphere
and the intense greenish-yellow product extracted by washing with water several times. An
alternative synthesis route was also discussed in Ref. [19]. Phase purity of the sample was
confirmed by powder X-ray diffraction experiments.
The magnetic properties were measured using a vibrating sample magnetometer (VSM)
attachment in a commercial (Quantum Design) SQUID magnetometer. The nuclear magnetic
resonance (NMR) experiments were carried out by applying a pulsed NMR technique on the
7Li nucleus (nuclear spin I = 32) using a commercially available NMR spectrometer (Tecmag).
3. Results and Discussions
Figure 2 shows the temperature dependence of the magnetic susceptibility χ(T ) of LiYbS2
measured at different applied fields. χ(T ) did not show any indication of magnetic long-
range ordering (LRO) down to 2 K. The χ(T ) data at high temperatures were fitted to
χ(T ) = χ0 +
C
T−θCW , where χ0 is the temperature-independent contribution that accounts for
core diamagnetism and Van-Vleck paramagnetism, while the second term is the Curie-Weiss
(CW) law with the Curie constant C =
NAµ
2
eff
3kB
and the Curie-Weiss temperature θCW. The
fitting above 100 K yields χ0 ' −5.56 × 10−4 cm3/mol, C ' 2.31 cm3K/mol, and θCW '
-110 K. The C value corresponds to an effective moment µeff = 4.3 µB which is in good
agreement with the expected value (g
√
j(j + 1) = 4.54 µB) for a Yb
3+ ion having a 2F7/2
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Fig. 2. Left panel: temperature dependence of the magnetic susceptibility measured at different
applied fields. The red solid line represents the high temperature Curie-Weiss fit. Right panel: Low
temperature inverse susceptibility after the subtraction of χ0 together with the low temperature
curie-Weiss fit.
multiplet with g = 8/7. However, in this high-temperature regime, the crystal electric-field
(CEF) excitations of Yb3+ are expected to have a dominant contribution to the Curie-Weiss
temperature.
In the low temperature regime, where the crystal electric-field excitations can be ne-
glected, a change of slope is observed in the inverse susceptibility associated with the Kramers
ground state doublet. Below 40 K the magnetic susceptibility, after subtracting a constant
term χ0 = 5.5 × 10−3 cm3/mol could be described by the Curie-Weiss law which is yielding
θCW ' -8 K and µeff ' 2.3 µB. At low temperatures, we observed a χ0 value, one order in
magnitude larger than that of 300 K, which is due to the van Vleck susceptibility χVV, arising
from the CEF excitations. Similar χ0 values are also reported for NaYbO2 and NaYbS2 at
low temperatures [6, 7]. The obtained effective moment (µeff = g
√
S(S + 1)) corresponds to
an effective spin-12 state with g ' 2.66. This value matches the powder averaged gav ' 2.9
from the ESR measurements [18]. The negative value of θCW indicates a dominant antiferro-
magnetic nature of exchange interactions between the Yb moments. On the mean-field level,
the Curie-Weiss temperature can be expressed as θCW = −zJS(S + 1)/3kB, where z is the
number of nearest-neighbor spins and kB is the Boltzmann constant [20]. For a triangular
lattice system, the number of nearest neighbors is z = 6, which yields an antiferromagnetic
exchange interaction of J/kB ' 5.3 K for LiYbS2. Furthermore, no indications of magnetic
LRO was observed down to 2 K, which suggest a possible QSL ground state for LiYbS2.
We have used 7Li NMR as a local probe to further investigate the magnetic properties of
LiYbS2.
7Li is a spin-32 nucleus for which one would expect a powder NMR spectra with a
central line together with quadrupole singularities on both sides. As shown in the left panel
of Fig. 3, our NMR experiments yield a narrow spectral line without any singularities, which
is probably due to the low quadrupolar frequency or distribution of intensity of the satel-
lites over a broad frequency range. This type of single spectral line is commonly observed
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Fig. 3. Left pane: 7Li NMR spectra measured at different temperatures. Right panel: NMR
linewidth as a function of temperature. Inset shows the FWHM vs χ plot with temperature as an
implicit parameter. The red line is a linear fit.
in 7Li NMR on several low-dimensional spin systems [21, 22]. The NMR spectra were found
to broaden monotonously upon lowering the temperature. No drastic line broadening was
observed which confirms the absence of magnetic LRO down to 2 K. The NMR line width
(full width half maximum, FWHM) as a function of temperature is shown in the right pane
of Fig. 3. Linewidth is increasing systematically with decreasing temperature and tracks the
magnetic susceptibility. From the linear slope of the plot of linewidth vs magnetic susceptibil-
ity with temperature as an implicit parameter (Inset of Fig. 3), one can calculate the dipolar
coupling constant [21, 23]. The obtained dipolar coupling constant Adip ' 9 × 1022 cm−3 is
of the right order of magnitude with the expected dipolar interaction of Li nuclei with Yb
moments at an average distance of 3.7 A˚.
4. Conclusions
We have investigated the Yb-based triangular lattice QSL candidate LiYbS2 through
magnetization and 7Li NMR measurements. At low temperatures, the magnetic properties
can be described by an effective spin-12 ground state. Magnetic susceptibility and
7Li NMR
measurements did not show any indication of magnetic long-range order, which suggests a
possible quantum spin liquid ground state for LiYbS2. At low temperatures, the dominant
interaction is antiferromagnetic in nature and an exchange constant of J/kB ' 5.3 K can be
extracted in the powder limit. Furthermore, from the analysis of NMR linewidth vs static
susceptibility, the coupling between the Li nuclei and Yb3+ ions was found to be mainly
dipolar in nature.
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